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Abstract
Background Internationally, there are growing concerns about antimicrobial resistance. This has resulted in increased scrutiny of antibiotic
prescribing trends – particularly in primary care where the majority of prescribing occurs. In England, antibiotic prescribing targets are set
nationally but little is known about the local context of antibiotic prescribing. This study aimed to examine trends in antibiotic prescribing
(including broad-spectrum), and the association with area-level deprivation and region in England. 
Methods Antibiotic prescribing data by GP surgery in England were obtained from NHS Business Service Authority for the years 2014-2018.
These data were matched with the Index of Multiple Deprivation (IMD 2015) at the Lower Layer Super Output level (LSOA). Linear regression
methods were employed to explore the relationship between antibiotic use and area-level deprivation as well as region, after controlling for a
range of other confounding variables, including health need, rurality, and ethnicity. 
Results Over time, the amount of antibiotic prescribing signi cantly reduced from 1.11 items per STAR-PU to 0.96 items per STAR-PU – a
reduction of 13.6%. The adjusted models found that, at LSOA level, the most deprived areas of England had the highest levels of antibiotic
prescribing (0.03 items per STAR-PU higher). However, broad spectrum antibiotic prescribing exceeding 10% of all antibiotic prescribing
within a GP practice was higher in more a uent areas. There were also signi cant regional differences – with the North East and the East of
England having the highest levels of antibiotic prescribing (by 0.16 items per STAR-PU).
Conclusion Although antibiotic prescribing has reduced over time, there remains signi cant variation in by area-level deprivation and region
in England – with higher antibiotic prescribing in more deprived areas. Future prescribing targets should account for local factors to ensure
the most deprived communities are not inappropriately penalised.
Background
Antimicrobial resistance poses a signi cant challenge to modern day medicine and has been described by the World Health Organisation
(WHO) as a global health security threat.1 Since the 1940s, over 140 antibiotics have been developed for humans where they have had huge
bene ts in treating infectious disease. However, this ‘golden age’ of antibiotics appears to be over – with only two novel classes of
antibiotics launched in the last 30 years.2 As bacterial resistance becomes more frequent, there has been a strategic focus toward
developing antimicrobial stewardship polices in order to minimise the burden of antimicrobial resistance.3 In response to these challenges,
the WHO has set up a taskforce on antimicrobial resistance with the aim of developing national and regional action programs.1 In response,
the English Department of Health has developed an antimicrobial resistance strategy,4 which has the overall aim of reducing the use of
antibiotics when it is safe and appropriate to do so: the target is to reduce the levels of inappropriate antibiotic prescribing by 50% by 2020.5 
In addition to targets for overall prescribing, particular focus has also been placed on reducing the prescribing of speci c broad spectrum
antibiotics, such as co-amoxiclav, the cephalosporins, and the quinolones, owing to their potential to cause severe adverse effects, such as
Clostridium di cile infection. Optimizing prescribing practices is considered a key component of this strategy, which highlights the
importance of understanding antibiotic prescribing patterns across different areas, although very few studies have reported this; the majority
of research has focused on antibiotic prescribing in subsets of practices6,7 or across a single region.8 Previous work by Curtis and
colleagues has shown that, in England, higher prescribing rates of antibiotics are associated with more deprived areas, as well as greater GP
practice size, a higher proportion of older or younger patients, and ruralness.9 It is not known, however, if these higher prescribing rates are
driven by health need (e.g. people living in deprived areas are more likely to have health conditions that are associated with the use of
antibiotics) or other factors, such as health seeking behavior or quality of GP services given that the majority of antibiotics are prescribed in
primary care.10 
There is a need to understand the local nature of antibiotic prescribing by primary care in England – especially in relation to area-level
deprivation.  It is well established that health need varies by area level deprivation with higher rates of morbidity and mortality in the most
deprived neighbourhoods.11 For example, in England there are life expectancy gaps of up to nine years for men and seven years for women
between the most and least deprived lower super output areas.11 It is likely therefore that antibiotic prescribing will re ect this health need
and be higher in the more deprived neighbourhoods. Currently, English antibiotic targets do not recognise deprivation as a driver of
prescribing, as the targets only tend to control for age and sex. It is crucial therefore that we explore the relationship between area-level
deprivation and antibiotic prescribing in order to inform future prescribing targets in England. It is important that the targets do not adversely
penalise areas with higher health need and thus potentially widen health inequalities.
This study, therefore, aimed to: (1) examine the association between antibiotic prescribing and area-level deprivation; (2) analyse the
proportion of broad spectrum antibiotics (including co-amoxiclav, the cephalosporins and the quinolones) prescribed by area-level
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deprivation; and whether (3) geographic region in uences prescribing rates.
Methods
Prescribing data
Antibiotic prescribing data were obtained from the NHS Business Services Authority ePACT2 system (NHSBSA Copyright 2018). The data
were downloaded for English General Practices (GPs) for the four years from April 2014-March 2015 to April 2017-March 2018. All GP
practices open for the entire year were included in the analysis. Antibiotic prescribing was measured according to the items per STAR-PU
(Speci c Therapeutic Group Age-sex weightings Related Prescribing Units) weighting, which shows the amount of prescription items that
have been prescribed, compared to what would be anticipated given the number and characteristics of patients registered in the practice.
The numerator is the total number of prescription items for antibacterial drugs (as de ned by the British National Formulary, Chapter 5.1),
and the denominator is the total number of oral antibacterial drugs (as de ned by British National Formulary, Chapter 5.1) ITEM based
STAR-PU. As such, it is possible to use STAR-PUs, instead of the number of patients, to allow for comparisons between General Practices.
STAR-PUs adjust for age and sex in prescribing, but do not control for health need or area-level deprivation in the weighting. Lower values of
items per STAR-PUs indicate less oral antibacterial prescribing. In addition, we also report when broad spectrum antibiotic prescribing
(namely co-amoxiclav, cephalosporins and quinolones) exceeds 10% of all antibiotics prescribed within a GP practice; the threshold of 10%
is based upon NHS England targets.12 This measure looks at the quantity of these drugs (as a percentage), versus the total number of
antibiotics prescribed. Practice codes were cross-referenced with the NHS Digital GP Practice Database,13 and any practices that were not
open for the full relevant year were excluded.  Practices not classi ed as GP practices (e.g. out of-hours or specialist prescribing) were also
excluded from the analysis. To account for outliers in the prescribing data owing to potential incorrect coding of GP practices in the
database, we excluded the top and bottom 1% of items prescribed by items per STAR-PU and the percentage of broad spectrum antibiotics. 
Overall, 29,631 GP surgeries were included in the analysis for antibiotic prescribing over the four years for which we have data (representing
7,700 unique surgeries). Seven GP surgeries were excluded as they did not have a corresponding IMD decile, and a further 606 were removed
as they represented the top and bottom 1% of antibiotic items per STAR-PU data (see histogram in Supplementary Figure 1 to illustrate
before and after comparisons). There is an approximate negative linear correlation between the concentration of GP practices in England
and IMD decile. For the most recent data (2017-18), 1,086 GP practices were located in IMD decile 1 compared to just 437 in IMD decile 10
(see Supplementary Figure 2 for graphical representation). 
Deprivation and regional data
The location of the GP practice based on their address from the reference database was matched to the corresponding Lower Layer Super
Output Area (LSOA). Deprivation data was derived from the Index of Multiple Deprivation (IMD) 2015 produced by the Department for
Communities and Local Government. This index, constructed from seven domain indices were combined to produce an overall measure of
deprivation, which ranks every LSOA in England from 1 (most deprived) to 32,844 (least deprived area). Ranks were converted to deciles to
visually illustrate antibiotic prescribing by GPs in different levels of deprivation whereby 1 represents the most deprived areas and 10
represents the least deprived. The IMD 2015 data is used for all years in subsequent analysis as it is produced once every 4/5 years. Using
their LSOA locations, the GP practices were also put into one of the nine English government o ce regions: North East, North West, Yorkshire
& the Humber, London, East of England, West Midlands, East Midlands, South East and South West. 
Confounding variables
A number of variables were also included in our model speci cations. We included ethnic composition, as it has previously been shown that
different ethnic groups have different antibiotic consumption patterns,14 these data were obtained from the O ce of National Statistics
(based on the 2011 census data available from: https://www.nomisweb.co.uk) to determine the ethnic composition of each LSOA. We also
included urbanity in the model (produced from the 2011 census), as it has previously been shown that GPs working in rural areas were less
likely to delay prescribing of antibiotics.9 In keeping with previous studies,15,16 the measure of urbanity, based on the Department for
Environment and Rural Affairs’ rural/urban classi cation, uses a twofold grouping: (1) urban; (2) rural. To account for health need, we
included the prevalence of COPD and diabetes at GP practice level downloaded from the Quality and Outcome Framework.17 We used these
conditions as a proxy indicator of health need, as they are associated with increased incidence of bacterial infections requiring the use of
antibiotics.18,19 
Statistical analysis
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To assess the impact of deprivation on the level of antibiotic prescribing, we used multiple bar graphs reporting items per STAR-PU and the
proportion of broad spectrum antibiotics in each deprivation decile by year. To complement this graphical analysis, we also used a random-
effects linear regression model to estimate the association between deprivation and antibiotic prescribing. This was seen as the most
appropriate model speci cation, as the items of antibiotics prescribed per STAR-PU were approximately normally distributed (after removing
the top and bottom 1% of data).  The parameters were calculated using the XTREG command in the statistical software package Stata.20
The parameter estimates in all models are given with 95% con dence intervals, with standard errors clustered at the individual level. A visual
inspection of a plot of the model residuals indicated that homoscedasticity was unlikely to in uence the results, while the variance of
in ation (VIF) ratio was low (2.3), implying that multicollinearity was also unlikely to be problematic. There was relatively little missing data
(~ 5%), with the results from the test proposed by Verbeek and Nijman21 indicating that small amount of non-response across the four
waves of data was unlikely to be non-random.    
Results
Antibiotic prescribing by area level deprivation
Overall, the prescribing of antibiotic items decreased from 1.11 items per STAR-PU in 2014 to 0.96 items per STAR-PU in 2018 – a reduction
of 13.5%. The reduced antibiotic prescribing was more pronounced in areas of high deprivation: a reduction of 0.17 items per STAR-PU (a
reduction of 17.0%) was observed for GP surgeries located in the most deprived areas (IMD-1), compared with a reduction of 0.12 items per
STAR-PU (a reduction of 13.1%) for GP surgeries located in the least deprived areas (IMD-10). Antibiotic prescribing in England over time by
area-level deprivation is illustrated by Figure 1. 
Prescribing of co-amoxiclav, cephalosporins, and quinolones by area level deprivation
Overall, the proportion of GP surgeries which prescribed over the target of 10% broad-spectrum antibiotics (co-amoxiclav, cephalosporins,
and quinolones) in terms of total antibiotics prescribed has decreased from 48.4% in 2014 to 29.0% in 2018. In contrast to overall antibiotic
prescribing, GP surgeries located in the most a uent areas generally had a higher proportion of prescriptions for broad spectrum antibiotics
when compared with GP practices located in the most deprived areas. This  nding was evident for all years for which we had data, although
the proportion of GP surgeries prescribing over the 10% target did decrease each year. For example, in 2014, the prescribing was 35.5% (for
the most deprived areas, IMD-1) and 58.1% (for most a uent areas, IMD-10), while in 2018, the prescribing was 16.7% and 38.3% for the
most deprived and a uent areas, respectively. 
Confounding factors associated with antibiotic prescribing
Two models were developed to understand the factors which drive antibiotic prescribing from English GP surgeries (Table 1). Model 1
demonstrated that living in the most deprived decile (compared to the least deprived) was associated with an increased likelihood of
antibiotic prescribing by 0.15 items per STAR-PU, and a clear gradient was observable across most of the deprivation deciles. Deprivation
was a signi cant predictor of increased antibiotic prescribing in all IMD 2015 deciles (deciles 1-8, p<0.01; decile 9, p < 0.05).   
When additionally adjusting for a proxy indicator of health need in Model 2, it was shown that living in the most deprived decile (compared
to the least deprived) was still associated with an increased likelihood of antibiotic prescribing – albeit to a lesser extent, but it was only
signi cant in the three most deprived deciles (p < 0.05). The model also showed that, over the 4 years for which we have data, all antibiotic
prescribing has reduced by 0.18 items per STAR-PU (p<0.01). GP surgeries located in areas where there were greater proportion of people of
white ethnic origin (p<0.01), and those found in rural areas (p<0.01) also showed higher rates of antibiotic prescribing.  Finally, compared to
London, GP surgeries located in all other areas of England had signi cantly higher rates of antibiotic prescribing – with the East of England
and North East of England having the highest levels (by 0.16 items per STAR-PU). 
Table 1: Association between antibiotic prescribing and area-level deprivation in England. Robust standard errors in parentheses **p<0.01, *p<0.05. 
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MODEL NUMBER  (1) (2)
     
VARIABLES Excludes measures of ‘need’ Includes measures of ‘need’
  Coefficient (Robust
Standard Error)
Coefficient (Robust
Standard Error)
LSOAs IMD
1 (Most Deprived) 0.15 (0.01) ** 0.03 (0.01) *
2 0.13 (0.01) ** 0.03 (0.01) *
3 0.11 (0.01) ** 0.03 (0.01) *
4 0.08 (0.01) **  0.00 (0.01)
5 0.06 (0.01) ** 0.00 (0.01)
6 0.06 (0.01) ** 0.01 (0.01)
7 0.04 (0.01) ** 0.00 (0.01)
8 0.03 (0.01) ** 0.00 (0.01)
9 0.02 (0.01) * 0.00 (0.01)
10 (Least Deprived) Reference
Ethnicity
% White <0.01 (<0.01) ** <0.01 (<0.01) **
Rurality
Rural Reference
Urban -0.04 (0.01) ** -0.02 (0.01) **
Region
London Reference
East of England 0.20 (0.01) ** 0.16 (0.01) **
East Midlands 0.14 (0.01) ** 0.09 (0.01) **
North East 0.25 (0.01) ** 0.16 (0.01) **
North West 0.21 (0.01) ** 0.14 (0.01) **
South East 0.13 (0.01) ** 0.11 (0.02) **
South West 0.09 (0.01) ** 0.05 (0.01) **
West Midlands 0.15 (0.01) ** 0.09 (0.01) **
Yorkshire and Humber 0.18 (0.01) ** 0.11 (0.01) **
Time  
2014 - 2015 Reference
2015 – 2016 -0.10 (<0.01) ** -0.11 (<0.01) **
2016 - 2017 -0.12 (<0.01) ** -0.13 (<0.01) **
2017 - 2018 -0.16 (<0.01) ** -0.18 (<0.01) **
Health need
Diabetes prevalence (%)   0.03 (<0.01) **
COPD prevalence (%)   0.05 (0.01) **
 
Wald Chi2 Statistic 9210.16 9880.89
R2 0.22 0.32
Observations 28,809 28,809
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Discussion
This paper adds to the growing evidence base exploring antibiotic prescribing trends in England. It is the  rst though to consider antibiotic
prescribing using a proxy indicator of health need, and it is also the  rst to explore the prescribing of broad-spectrum antibiotics (co-
amoxiclav, cephalosporins, and quinolones) as a percentage of total antibiotic prescribing by area-level deprivation. We identi ed three key
 ndings that will be of importance to healthcare policy discussions around antimicrobial resistance and prescribing targets: (1) there were
signi cant inequalities in antibiotic prescribing by deprivation – with GP surgeries located in the most deprived areas having the highest
levels of antibiotic prescribing (even when adjusting for a proxy indicator of health need); (2) there is also variation in the prescribing of
broad spectrum antibiotics (co-amoxiclav, cephalosporins, and quinolines) with higher proportions of broad spectrum antibiotic prescribing
occurring in more a uent areas; (3) there was also signi cant regional variation in antibiotic prescribing – with the highest levels of
antibiotic prescribing observed in the East and North East of England. 
Area deprivation has multiple in uences on health so the pathways linking deprivation and inequalities in antibiotic prescribing patterns are
complex. There is a large international literature on the relationship between health and place which suggests that geographical health
inequalities exist as a result of both the characteristics of places (in terms of infrastructure and services, social factors and the physical
environment) and of the people who live there (e.g. ethnicity individual level socio-economic status).11 In terms of antibiotic prescribing, the
most likely pathways linking deprivation to health system characteristics include health care access and quality, as well as the health needs
of the population. So, the higher rates of antibiotic prescribing in the most deprived areas may re ect differences in GP prescribing
behaviours – more deprived areas in England have lower GP provision per head of population than the least deprived and so are more reliant
on locum doctors who may be more inclined to prescribe antibiotics.22,23 Additionally, there may be differences between symptom severity in
patients living in different areas. Our proxy indicator of health need accounted for two key conditions (diabetes and COPD) but not the
severity of these illnesses. Further, our adjustment of health need did not take into account other illnesses or conditions for which antibiotics
might be prescribed (such as immunosuppression, or recurrent urinary tract infections). In terms of broad spectrum antibiotic prescribing
being higher in more a uent areas, the reasons are not clear - although it has been previously shown that people accessing out-of-hours
primary care services typically receive more broad-spectrum antibiotics compared to when they access in-hours primary care services.24
Living in an a uent area might, therefore, in uence how primary care services are accessed, and, ultimately, the type of antibiotic prescribed;
for example, people living in a uent areas may be able to navigate the healthcare system easier25 and access emergency GP appointments,
compared to people living in deprived areas. This should be explored in future studies. 
Our broad  ndings are in keeping with previous research. As mentioned previously, the study by Curtis and colleagues, who described
antibiotic prescribing trends across England for the years 1998 to 2017, showed that there was signi cant geographical variation in
prescribing: at a CCG level, the variation in overall antibiotic prescribing was two-fold, while for cephalosporin prescribing, the variation was
seven-fold.9 The work also showed that higher prescribing trends were associated with a greater GP practice size, the proportion of patients
greater than 65 years, or less than 18 years, ruralness and deprivation.9 Similarly, Covvey and colleagues evaluated antibiotic prescribing
trends in Scotland, and concluded that higher rates of antibiotic prescribing were found in areas of higher deprivation, as measured
according to the Scottish Index of Multiple Deprivation (SIMD).26 This study also assessed antibiotic prescribing by antibiotic class strati ed
by SIMD quintile: the authors showed that the prescribing of quinolones, cephalosporins and other beta-lactams, was generally higher in
more deprived areas. Although this study did not look at the proportions of broad-spectrum antibiotic prescribing as we did, this result seems
to be in contrast to our  ndings, where we show the proportion of GP surgeries prescribing broad-spectrum antibiotics is higher in more
a uent areas. 
Another study by Mölter and colleagues, who analysed antibiotic prescribing by GP practice in England, identi ed spatial clusters of high
and low spots of prescribing (so-called ‘hot’ and ‘cold’ spots).27 The work showed that the distribution of antibiotic prescribing was
heterogeneous, with the majority of the hot spots located in the North of England. Our results con rm this as we found that, when controlling
for demographic, and health need variables, highest levels of prescribing were found in the North East, and East of England; lowest levels of
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antibiotic prescribing were consistently found in London. Overall, our study builds on previous research, and shows that even after using a
proxy indicator to control for health need, there is evidence of signi cant inequalities for those in the bottom three deciles compared to those
living in the least deprived decile. 
Given the emphasis and strategic importance – at both a national and international level – of developing and implementing antibiotic
stewardship polices, our  ndings are timely and potentially have important implications for policymakers. The national strategy of reducing
the use of antibiotics appears to be working, given that our data shows a reduction in antibiotic items per STAR-PU each year. This is in line
with other work that also shows a similar reduction in antibiotic prescribing.28 However, current prescribing targets only account for age and
sex of the population served. For example, men aged 75 years and above are weighted as 1.0, while men aged between 35 and 44 years are
weighted as 0.3; in contrast, women aged 75 years and above are weighted as 1.3, while women aged between 35 and 44 years are weighted
as 0.6.29 The weighting does not consider any measure of area-level deprivation or related-health need. Our results suggest that it would be
prudent for any future antibiotic prescribing targets to acknowledge that GP surgeries located in the most deprived communities are likely to
have a higher health need in terms of antibiotic use, and account for this in their targets. Local antimicrobial stewardship approaches should
also be considered at an area level to account for speci c pressures and needs.  In addition, any future revision of the prescribing measure
items per STAR-PU should also consider incorporating a measure of deprivation into their weighting. This  nding was also echoed by
Pouwels and colleagues,7 who suggest it would be advantageous to avoid the same prescribing targets for all GP practices, or it would be
important to develop alternative approaches that encompass additional predictors of antibiotic prescribing. This is similar to the way in
which NHS funding allocation policy incorporates deprivation.30 
Strengths and limitations
We believe our modelling results are robust; the residuals are normally distributed, and the variance of in ation ratio (VIFs) is low (2.07)
therefore homoscedasticity and multicollineararity are not considered problematic.  However, we do acknowledge there are a number of
limitations to our work. Firstly, we only assessed the amount of antibiotic prescribing according to items per STAR-PU; we did not consider
the appropriateness of prescribing, nor did we consider the patient characteristics for whom the antibiotics were prescribed. It is possible,
therefore, that the higher antibiotic prescribing observed in the most deprived areas were prescribed either unnecessarily or inappropriately.
Indeed, Smith and colleagues showed that an in English primary care setting, most antibiotics are prescribed for conditions that only
sometimes required antibiotics, which was dependent on patient speci c indicators (e.g. co-morbidity).31 Our study does not account for
this. It would be prudent, therefore, for future work to assess the appropriateness of antibiotic prescribing for GPs located in deprived areas.
Our data was obtained free of charge from the NHS Business Service Authority at the GP practice level; data at the patient – or prescriber
level – was not available through this route.  Collecting patient-level data, and making it freely available for research or system improvement
purposes without expensive subscriptions would be advantageous as it would allow the assessment of prescribing appropriateness. A
further limitation of our work is in relation to how we adjusted for health need: in our linear regression model, we only used COPD and
diabetes prevalence as proxies for health need measure. In addition to COPD and diabetes prevalence, there are other reasons that may
contribute to increased susceptibility of developing a bacterial infection, including poor living conditions,32 reduced vaccination uptake,33
poor nutrition,34 and higher incidence of smoking.35 Frailty may also be associated with increased antibiotic prescribing, which could have
been accounted for using the eFrailty index.36 These additional factors were not accounted for in our analysis. In addition, we also only
analysed four years of data as prior to this, there were changes in the methodology of recording of prescribing data, making it challenging to
investigate longer-term trends in antibiotic prescribing using our data sources. Furthermore, our study was ecological in design: thus, we
acknowledge that relationships that apply at an area-level do not necessarily apply at an individual level – such an assumption would be
committing the ecological fallacy. As such, there is no measure to link antibiotics prescribed at a GP level with patients who receive those
antibiotics at an individual level. 
Conclusion
Despite a reduction over time in antibiotic prescribing, there is still signi cant variation by area-level deprivation and English region in
prescribing levels. Our analysis demonstrated higher overall antibiotic prescribing in more deprived areas, although the proportion of GP
surgeries prescribing broad spectrum antibiotics was higher in more a uent areas.  Health need is an important consideration in antibiotic
prescribing, but it did not explain all of the variation. Future antibiotic prescribing targets should account for local factors, including
deprivation, to ensure GP practices located in the most deprived communities are not inappropriately penalised.
Declarations
Ethics approval and consent to participate
Page 8/11
This study was assessed as low risk by the Ethics Sub-committee in the Faculty of Medical Sciences, Newcastle University, given it used
secondary anonymized data whereby it was not possible to identify patients.   As such, ethical approval was not required. 
Consent for publication
Not applicable 
Availability of data and materials
The data analysed in this study were obtained from the NHS Business Services Authority ePACT2 system.  Under our data use agreement,
we are unable to share the data, although they may be obtained through request to the NHS Business Services Authority. 
Competing interests
None to declare. 
Funding
This work was supported by Fuse (UKCRC Centre for Translational Research in Public Health) (MRC grant ref. no. MR/K02325X/1) and ARC
North East and North Cumbria (grant reference NIHR200173). Funding for Fuse comes from the British Heart Foundation, Cancer Research
UK, Economic and Social Research Council, Medical Research Council, and the National Institute for Health Research, under the auspices of
the UK Clinical Research Collaboration. ARC North East and North Cumbria is funded by the National Institute for Health Research. The views
expressed in this publication are those of the author(s) and not necessarily those of the funders. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript. 
Author contributions
AT designed the study, with input from RB from a policy perspective. AT supervised all stages of the research, and led the drafting of the
manuscript with input from all authors. KT cleaned the data, conducted preliminary analyses with advice and guidance from TR and HB. CB
assisted with interpretation of study results and drafting of the manuscript. All authors read and approved the  nal manuscript. AT is the
corresponding author and acts as guarantor of the article. 
Acknowledgements
None to declare.
References
1. World Health Organisation. Antimicrobial resistance: a threat to global health security. 2005. Available from:
http://apps.who.int/iris/handle/10665/20247 [accessed 9th June, 2020].
2. Anderson R, Groundwater P, Todd A, Worsley A. Antibacterial Agents: Chemistry, Mode of Action, Mechanisms of Resistance and Clinical
Applications. New Jersey, United States: Wiley Blackwell 2012.
3. MacDougall C, Polk RE. Antimicrobial stewardship programs in health care systems. Clin Microbiol Rev. 2005;18(4):638-56.
4. Department of Health and Social Care. UK 5 Year Antimicrobial Resistance Strategy 2013 to 2018.  London: Department of Health and
Social Care; 2013. Available from: https://www.gov.uk/government/publications/uk-5-year-antimicrobial-resistance-strategy-2013-to-
2018 [accessed 9th June, 2020].
5. Department of Health Media Centre. UK leading the global  ght against drug resistant bugs. 2016. Available from:
https://healthmedia.blog.gov.uk/2016/05/27/amr/ [accessed 9th June, 2020].
6. Dolk FCK, Pouwels KB, Smith DRM, Robotham JV, Smieszek T. Antibiotics in primary care in England: which antibiotics are prescribed
and for which conditions? J Antimicrob Chemother. 2018;73(suppl_2):ii2-ii10.
7. Pouwels KB, Dolk FCK, Smith DRM, Smieszek T, Robotham JV. Explaining variation in antibiotic prescribing between general practices in
the UK. J Antimicrob Chemother. 2018;73(suppl_2):ii27-ii35.
8. Steinke DT, Bain DJ, MacDonald TM, Davey PG. Practice factors that in uence antibiotic prescribing in general practice in Tayside. J
Antimicrob Chemother. 2000;46(3):509-12.
9. Curtis HJ, Walker AJ, Mahtani KR, Goldacre B. Time trends and geographical variation in prescribing of antibiotics in England 1998–
2017. J Antimicrob Chemother. 2019;74(1):242-250.
Page 9/11
10. Public Health England. English Surveillance Programme for Antimicrobial Utilisation and Resistance (ESPAUR). Report 2018.  London:
Public Health England; 2018. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/ le/759975/ESPAUR_2018_report.pdf
[accessed 9th June, 2020].
11. Bambra C. Health Divides: Where You Live Can Kill You. Bristol. Policy Press. 2016.
12. NHS England / Commissioning Strategy / Contracts and Incentives. Quality Premium: Guidance for 2016/2017.  Contracts and
Incentives: Leeds; 2016. Available from: https://www.england.nhs.uk/wp-content/uploads/2016/03/qualty-prem-guid-2016-17.pdf
[accessed 9th June, 2020].
13. NHS Digital. GP and GP practice related data. 2018. Available from: https://digital.nhs.uk/services/organisation-data-service/data-
downloads/gp-and-gp-practice-related-data [accessed 9th June, 2020].
14. Wang KY, Seed P, Scho eld P, Ibrahim S, Ashworth M. Which practices are high antibiotic prescribers? A cross-sectional analysis. Br J
Gen Pract. 2009;59(567):724-7.
15. Todd A, Akhter N, Cairns JM, Kasim A, Walton N, Ellison A, et al. The Pain Divide: a cross-sectional analysis of chronic pain prevalence,
pain intensity and opioid utilisation in England. BMJ Open. 2018;8(7):e023391.
16. Todd A, Copeland A, Husband A, Kasim A, Bambra C. The positive pharmacy care law: an area-level analysis of the relationship between
community pharmacy distribution, urbanity and social deprivation in England. BMJ Open. 2014;4:e005764.
17. NHS Digital. Quality Outcomes Framework (QOF). https://digital.nhs.uk/data-and-information/data-tools-and-services/data-
services/general-practice-data-hub/quality-outcomes-framework-qof#what-you-can- nd-out (accessed 9th June 2020).
18. Abu-Ashour W, Twells L, Valcour J, Randell A, Donnan J, Howse P, Gamble JM. The Association Between Diabetes Mellitus and Incident
Infections: A Systematic Review and Meta-Analysis of Observational Studies. BMJ Open Diabetes Res Care. 2017;5(1):e000336.
19. Lange P. Chronic Obstructive Pulmonary Disease and Risk of Infection. Pneumonol Alergol Pol. 2009;77(3):284-8.
20. Stata version 15: StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC.
21. Verbeek M, Nijman T. Testing for Selectivity Bias in Panel Data Models. International Economic Review. 1992;33:681-703.
22. Todd A, Copeland A, Kasim A, Husband A, Bambra C. Access all areas? An area-level analysis of the relationship between community
pharmacy and primary care distribution, urbanity and social deprivation in England. BMJ Open. 2015;5:e007328.
23. Iacobucci G. GPs in deprived areas face severest pressures, analysis shows. BMJ. 2019;365:l2104
24. Edelstein M, Agbebiyi A, Ashiru-Oredope D, Hopkins S. Trends and Patterns in Antibiotic Prescribing Among Out-Of-Hours Primary Care
Providers in England, 2010-14. J Antimicrob Chemother. 2017;72(12):3490-3495.
25. Fjær EL, Balaj M, Stornes P, Todd A, McNamara CL, Eikemo TA. Exploring the Differences in General Practitioner and Health Care
Specialist Utilization According to Education, Occupation, Income and Social Networks Across Europe: Findings From the European
Social Survey (2014) Special Module on the Social Determinants of Health. Eur J Public Health. 2017;27(suppl_1):73-81.
26. Covvey JR, Johnson BF, Elliott V, Malcolm W, Mullen AB. An association between socioeconomic deprivation and primary care antibiotic
prescribing in Scotland. J Antimicrob Chemother. 2014;69(3):835-41.
27. Mölter A, Belmonte M, Palin V, Mistry C, Sperrin M, White A, et al. Antibiotic prescribing patterns in general medical practices in England:
Does area matter? Health Place. 2018;53:10-16.
28. Walker AJ, Curtis HJ, Goldacre B. Impact of Chief Medical O cer activity on prescribing of antibiotics in England: an interrupted time
series analysis. Health Place. 2019;74(4):1133-6.
29. NHS England / NHS Business Services Authority. Medicines Optimisation Comparators Version: March 2018 (Comparator Descriptions
and Speci cations).  Newcastle-upon-Tyne: NHS England / NHS Business Services Authority; 2018. Available from:
https://www.nhsbsa.nhs.uk/sites/default/ les/2018-04/Master%20Speci cations%20March%202018.pdf. [accessed June 9th, 2020].
30. Barr B, Bambra C, Whitehead M. The impact of NHS resource allocation policy on health inequalities in England 2001-11: longitudinal
ecological study. BMJ. 2014;348:g3231.
31.   Smith DRM, Dolk FCK, Pouwels KB, Christie M, Robotham JV, Smieszek T. De ning the appropriateness and inappropriateness of
antibiotic prescribing in primary care. J Antimicrob Chemother. 2018 Feb 1;73(suppl_2):ii11-ii18.
32. Krieger J, Higgins DL. Housing and Health: Time Again for Public Health Action. Am J Public Health. 2002; 92(5): 758–768.
33. Buckley BS, Henschke N, Bergman H, Skidmore B, Klemm EJ, Villanueva G, Garritty C, Paul M. Impact of Vaccination on Antibiotic
Usage: A Systematic Review and Meta-Analysis. Clin Microbiol Infect. 2019;25(10):1213-1225.
34. Oz HS. Nutrients, Infectious and In ammatory Diseases. Nutrients. 2017; 9(10): 1085.
35. Arcavi L, Benowitz NL. Cigarette Smoking and Infection. Arch Intern Med. 2004;164(20):2206-2216.
Page 10/11
36. Identifying Frailty.  NHS England. Available from: https://www.england.nhs.uk/ourwork/clinical-policy/older-people/frailty/frailty-risk-
identi cation/ [accessed June 23rd, 2020]
Supplemental Figure Legend
Supplementary  gure 1: Histogram of antibiotic STAR-PU before (A) and after (B) trimming top and bottom 1% of data
Supplementary  gure 2: GP practice concentration by IMD decile
Figures
Figure 1
The proportion of GP surgeries that prescribe more than 10% broad spectrum antibiotics (CCQs: co-amoxiclav, cephalosporins, and
quinolones) by IMD decile (1 most deprived, 10 least deprived)
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Figure 2
GP practice antibiotic prescribing according to items per STAR-PU (mean) by IMD decile in England (1 most deprived, 10 least deprived)
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